The 
Introduction
Throughout the history of the development of wireless communication, we can see that it has experienced great reform from the late 1970s till the present. From the first generation analog cellular and cordless phone system, the wireless communication system has experienced the second generation digital cellular and wireless data network system, and it has already reached to the fourth generation cellular networks and a variety of broadband access system [1] . Its fast development also indirectly shows that the modern wireless communication technology is becoming stable and mature gradually.
Currently, 3G is widely used, but its limitations are gradually revealed. In order to improve the quality of the existing communication, and to achieve better and faster and more efficient data transmission requirements, 4G system with its own advantages has stepped on the stage in the field of communication in the 21st century, and OFDM is the most high-profile technology.
Multi-user detection has been widely used in CDMA systems at present. In the next 4G development process, it will become more and more widespread. Certainly, to achieve the anticipated performance characteristics, the appropriate combination of common multi-user detection techniques is also keen to point for research in recent years. Using a variety of traditional detection methods on different emphasis on system performance, we can learn from each other and improve the system performance. However, at the cost of increasing the complexity of the system equipment greatly, the common multi-user detection methods research becomes quite important.
Figure 1. Basic Block Diagram of OFDM System

Code Division Multiple Access
The development of CDMA is based on spread spectrum communication, which theoretical basis is derived from information theory and interference theory [2] .
C is channel capacity, W is the bandwidth of the signal, S/N is the signal to noise ratio [3] .
From the above equation, when the channel capacity of the system is a constant, W and S/N has inverse proportional relationship, so we can achieve reliable transmission of information by adjusting W and S/N value. Because CDMA is based on spread spectrum communication, it retains the characteristics of spread spectrum communication. By using orthogonal pseudo-random noise sequence, CDMA makes all users communicate in the same channel without interfering each other, and distinguishes the information transmitted by different users using a good correlation between the spread codes, so as to realize the communication between multiple users in a limited resource environment.
In the CDMA system, each user is assigned a different spreading sequence as the user signature. Assuming the coefficient of cross-correlation between the spreading codes is sufficiently small, the receiving terminal can identify the desired spreading code user information according to the different spreading codes [4] .
MC-CDMA
MC-CDMA is a new generation multi-carrier transmission technology which is based on CDMA and OFDM.
Generally speaking, MC-CDMA is regarded as OFDM that has the spread spectrum module. In the transmitting terminal, a user inputs serial data streams. However, because it limits the transmission rate of data, we need to transform it to parallel data sub-streams which can achieve high speed transmission. Then each sub-data stream flows into N-way road through the system which is matched with its copy part. In frequency domain, the replicated data does correlation matrix calculation with specific spread spectrum code, and achieves spread spectrum. Subsequent of these data is modulated to the respective sub-carriers. Finally, the signals are sent to the required transmission channel environment and we should do the inverse transformation at the receiving terminal.
Although MC-CDMA may be regarded as a special kind of OFDM, there are great differences between the two. Firstly, sub-carriers of OFDM are orthogonal, however, MC-CDMA includes orthogonal between spread spectrum codes in addition to that. Secondly, MC-CDMA brings out the same data symbol transmission through different sub-carriers. So if one of the sub-channel's environments is particularly bad, only a fragment of spreading codes will be damaged. It will not affect the accuracy of symbols received and does not have a large discrepancy on bit error rate. But in the OFDM system, different sub-carriers transmit different data symbols. Once errors occur in a sub-carrier due to affections by the fading, it will lead to the flight information symbol errors [5] . The model shows the application of OFDM and CDMA in the MC-CDMA. In general, the spreading sequences of the spreading module use Walsh code, which has strict orthogonal and good cross-correlation. When the information is transported in MC-CDMA system, as long as the system meets the conditions that set in the channel, each individual user's orthogonal of spreading codes can be recovered. Therefore, the maximum number of users system which can accommodate is equal to the length of the spread codes. It can increase the capacity of the system by means of extending the length of the spreading code sequence, which is better than that of CDMA. In Figure 3 , the transmission signal of the user k is:
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The formula represents the transmission power per bit signal. N represents the number of sub-carriers for each information bit spreading,
is the spreading code for the user k,
represents binary data stream of user k, so,
is the user information bits, the equal probability take +1 and -1 in modulation.
is rectangular pulses, k  represents phase of the introduction of random, it is subject to a uniform distribution,
For MC-CDMA uplink, its characteristics are that different users in different parts do IFFT independently, and then the information through different fading channel reaches the receiver. According to this, we can assume the receiver can conduct ideal channel estimation and the accurate synchronization [7] , so the spreading code sequence used by the user k can be expressed as:
The data for the IFFT:
vector, it represents the data of the k-th user transmitted on each sub-carrier, k x represents the transmission data of users:
In frequency selective fading channel, the fading of the k-th user experience:
n denotes the noise vector.
Receiver Model
Receiver model of MC-CDMA is shown in Figure 4 . Assuming the symbols on receiving end and the carrier achieve a complete synchronization, the transmission data of the k-th user through the FFT operation can be expressed as:
y represents observation vector on the receiving end, x represents all user's data vector.
Multi-User Detection
In modern wireless communication environment, to make full use of the channel, multiple users communicate simultaneously in the same frequency band which leads to interference between each other. It is multiple access interference (MAI). In the case of large number of users or seriously fading, MAI will reduce the error performance of multiple access system.
In the uplink of MC-CDMA system, the fading performance of each sub-carrier is independent of each other, so the transmitted information in different locations after independent fading will threat and destruct the original of spreading codes, and then it will cause severe multiple access interference.
Multi-user detection is to reduce the impact of MAI and improve the BER performance [8] . The traditional single-user detection regards the MAI as the background noise, and underestimates the impact of this interference. However, the multi-user detection uses interference signals between all users in a channel to calculate by different multi-user detection methods, which make the interference of the other users on the target user minimum, so that it can include the expected user information.
De-Correlation Multi-User Detection
DEC multi-user detection is a kind of linear multi-user detection [5] . Generally speaking, it can eliminate multi-user interference completely. For linear multi-user detection, when users conduct a joint inspection, its judgment statistic:
Substitute (8) (12) Substitute (11) into (12):
De-correlation (DEC) MUD can completely eliminate MAI. And de-correlation multi-user detection needs not estimate all the received signal energy at the receiving end. After detection, noise is no longer relevant to the interference power, so it can suppress the "proximity effect" effectively. Since the spreading sequence of each user does not completely orthogonal in practice, it cannot achieve the expected results by only using the multi-user detection, and under certain conditions, the background noise will be amplified, so that the system performance is worse than the original. And when the signal to noise ratio (SNR) is low, the performance is lower than the conventional matched filter detector. The more users in the system, the higher computational complexity, and then it is difficult to achieve theory requirements in practice.
Minimum Mean Square Error (MMSE) Multi-User Detection
In order to improve the negative effects of noise enhancement, MMSE multi-user detection transforms the linear detection problems to linear estimation problems. It makes a balance between interference elimination and noise enhanced, making its square error minimum between the transmission signal vector x and the estimated vector z.
MMSE multi-user detection is to find an optimal matrix W, so the cost function defined by square error is minimized: 
MMSE detection is to strike a balance between noise and MAI in linear transformation, so in the same SNR, Bit Error Ratio (BER) performance using the MMSE is better than DEC. However, it requires an estimation of the amplitude of the received signal, namely, the interference of other users will affect its BER performance to a certain extent. When MAI is strong, background noise is relatively small, MMSE detection can be equivalent to the DEC multi-user detection. When MAI is much smaller than the background noise, MMSE detection can be transformed into a traditional matched filter.
PIC Multi-User Detection
The iterative detection algorithm is introduced into the technology of Parallel interference cancellation multi-user detection in MC-CDMA. The algorithm introduced in MC-CDMA system will use maximal ratio combining (MRC) technology to obtain the corresponding interference signal [5] , e.g., Equal Gain Combining EGC-MRC multi-user detection.
The basic idea of iterative detection algorithm is: when all the current active users are detected, only the target user's information will be retained. In the multi-user environment, it is difficult to get very clean and expected user information for one time, whereas it can obtain a more accurate signal by conducting detections after many times.
The Serial Interference Cancellation (SIC) is defined that when the system detects one of the user information at the receiving end (according to the signal power in the order from high to low), it will be removed in the total received signal, and this operation will be conducted successively before getting a process expected user information.
Parallel interference cancellation (PIC) is to access all information of interfering users except the target user. Then the information will be removed, so as to get the actual user information you want. 
Then we can carry on interference cancellation after the judgment, and produce input of next level. The process can be expressed as:
Clearly, the more iteration performed in the detection process, the better the detection performance is in the process of the parallel multi-user interference cancellation, but at the cost of greatly increasing complexity of the device. In fact, after the first iteration of the system during the detection algorithm, its performance will get the greatest improvement. So two to three iterative testing are used generally. And because the PIC has the problem of extending and diffusing the error, the detection performance of the previous level will affect the following level even after a few levels. That is when the previous level performance testing is poor; it will make the detected reliability of the following level worse.
MRC-PIC
PIC multi-user detection receiver model which uses single-user detection as primary detection in MC-CDMA is shown in Figure 5 : Figure 5 , firstly, receiver detects the information of all interfered users using single-user detection (MRC is used in this process), and gets the corresponding value signal. Secondly, information of transmitted signal should be reconstructed and subtracted from the received signal, so as to obtain a new estimate signal of the target user which 
MMSE-PIC
PIC multi-user detection receiver model which using MMSE detection as primary detection in MC-CDMA is shown in Figure 7 :
Figure 7. Receiver Model of MMSE-PIC
MMSE-PIC works like DEC-PIC, so it will not repeat them. Figure 8 , when the SNR (greater than 12dB) is relatively high, the linear multi-user detection performance is better than only using simple single-user detection. And in the linear multi-user detection, MMSE multi-user detection is much better than DEC.
Simulation Results and Analysis
However, in the case of small SNR (less than 12dB), DEC multi-user detection's performance is the most unsatisfactory among the three detections. Because de-correlation MUD reduces multi-user interference as well as reinforces the background noise, in the small SNR, this detection method will only lead to higher impact of noise on the system than caused by MAI, which affects the performance of the multi-user detection. When the noise power is higher, the multi-access interference has the worse impact on system performance. And multi-user detection techniques specifically solve the problem of MAI. So in this case, using multi-user detection can better reduce MAI; this effect is shown in Figure 8 . From Figure 9 , 10, MRC, DEC, MMSE use secondary interference cancellation. Compared with a simple level detection, it significantly reduces the error rate detection and improves BER performance well. It is mainly because of the elimination of interference between multiple users in the level-one detection, the secondary PIC achieves better performance.
From the figure, we can also know that the higher stages of PIC multi-user detection are, the better error rate performance is. But it will also improve the complexity of the equipment due to the constant increase of the stages, so two or three levels are generally used to eliminate interference detection. Figure 11 shows the PIC multi-user detection's performance comparison which uses the maximum ratio combining (MRC), de-correlation (DEC) and minimum mean square error (MMSE) in first-level detection.
From the simulation results, we can know that in the case of less than 12dB SNR, the performance of parallel interference cancellation which uses DEC in first-level detection is the worst, while the detection which uses MMSE is the best. In the case of greater than 12dB SNR, the performance using MRC in first-level detection is the worst. The best of the three is the detection that uses MMSE. This is because there is the weakness of error diffusion in PIC multi-user detection, so when the previous level detection is not so effective, it will seriously affect the detection performance in the following levels. Fig.8 shows the simulation results that when SNR is below 12dB, the BER performance of de-correlation multi-user detection is the worst among the three detections. When SNR is greater than 12dB, BER performance of de-correlating multi-user detection is middle, as the results shown in the figure.
Summary
As a new key technology specifically for MAI, multi-user detection has excellent prospects for development. This paper just conducts a comparison of the MC-CDMA system performance impacted by the common techniques. Through the analysis of test results, it verifies the usefulness of linear multi-user detection techniques which has the better detection capabilities than single-user detection. And MMSE multi-user detection has a significant advantage in linear multi-user detection. It can be also learned that multi level detection is superior to level-one detection in PIC, while the superiority and inferiority of level-one detection has an impact on the detection performance of the following levels. Now the multi-user detection has developed towards the direction of the intelligent algorithms, such as genetic algorithms, particle swarm optimization, ant colony algorithm. These algorithms can meet the demands of current multi-user detection, which achieve high efficiency of detection performance.
